Introduction
============

Cesarean section is one of the most common procedures that is growing in all countries. Post-cesarean complications may manifest themselves as bruises, seroma or dehiscence and wound infections even as necrotizing fasciitis ([@R1]).

Surgical site infection (SSI) is the main cause of morbidity and mortality in post-cesarean section patients ([@R2]--[@R4]). As a general rule, it is considered that the onset of an SSI doubles the normal stay in hospital and costs for that operation. In the United States, it was taken into account that an SSI extends the stay in hospital to 7.3 days with an additional cost of 3,200 dollars, increasing the length of stay of a patient and the hospitalization cost ([@R2],[@R5]).

Wound infection manifests itself with erythema and induration of the incision that usually develops 4 to 7 days after the cesarean section ([@R2],[@R5]). When the wound infection develops within 48 hours, the offending organisms are usually groups A or Betahemolytic Streptococcus. Other common pathogens that intervene in wound infections are *Ureaplasma urealyticum, Staphylococcus epidermidis, Enterococcus facialis, Staphylococcus aureus, Escherichia coli* and *Proteus mirabilis* ([@R6]).

The magnitude of the problem widely varies in the regions, but the SSI prevalence ranges from 2% to 10% on average ([@R5]--[@R8]). In addition, the favorable effect of the antibiotic prophylaxis in the reduction of infection cases associated with elective or emergency cesarean section has been proven, but in spite of that, there are still post-cesarean section surgical wounds. Based on this, it is necessary to identify preoperative factors associated with the SSI in hospitals, particularly onset of labor, duration of membrane rupture, number of internal vaginal examinations and hemoglobin level ([@R5]--[@R8]). Knowing the risk factors will allow an extended post-cesarean evaluation to the group of women. Therefore; in this study, the objective was to identify the preoperative factors associated with the SSI in patients undergoing cesarean section at Hospital Goyeneche in Arequipa, Peru.

Material and Methods
====================

**Study design**: We conducted a case-control retrospective study assessing the factors associated with post-cesarean section wound infection at Hospital Goyeneche in Arequipa from 2015 to 2018.

**Procedures**: The statistics service of the hospital gave us information about the patients who underwent cesarean section during the research. It is worth mentioning that the hospital has implemented an antibiotic prophylaxis protocol (with first-generation cephalosporins) in all cases of cesarean section since 2014. The inclusion criteria in the case study were pregnant patients who underwent cesarean section and were diagnosed with SSI (by bacteriological culture of wound secretion) within 30 days of emergency obstetric surgery, and who had been administered antibiotic prophylaxis. Control patients were determined after the inclusion of case-patients and met the following inclusion criteria: similar age (± 2 years), cesarean section, surgery conducted on the same day, without a history of post-cesarean section infectious complication within 30 days, and who had been administered antibiotic prophylaxis. In addition, patients diagnosed with diabetes mellitus, immunodeficiency, malignancies and any type of immunosuppression were excluded.

The sample was calculated by the frequency of variable premature rupture of membranes, evaluated in a previous study ([@R9]), to contrast hypotheses in independent groups in case and control studies; the variable premature rupture of membranes was considered with an exposed proportion of 34% and an OR to calculate of 3.5. For each case, four controls were taken by matching age and date of cesarean section, giving a total of 35 cases and a total of 140 controls of women without post-cesarean section infection, selected through a sampling of a database with patients who met such conditions.

**Data collection and processing**: The clinical records were reviewed to collect sociodemographic data (age, marital status, education level, occupation), clinical data (body mass index, hemoglobin level, comorbidity, and postoperative diagnosis), obstetric data (parity, gestational age), delivery duration, duration of membrane rupture, number of internal vaginal examinations and length of stay in hospital. The indicator of hemoglobin level (Hb) was classified according to the World Health Organization guidelines for pregnant women at the beginning of the third quarter, and due to the location of Arequipa at 2,400 masl, and for that reason, a value less than 12.3 was considered as anemia.

**Statistical analysis**: For the descriptive analysis of numerical variables, normality assumptions were evaluated using analytical parameters (means, medians and kurtosis) and histogram. The categorical variables were described using samples and percentages. We evaluated the association between operative wound infection after cesarean and categorical co-variables of interest using Chi-squared test. Student\'s t for independent samples was used to compare the means between the groups prior to normality test. We consider the level of significance at 5%. For simple and multiple regression, we used logistic regression to calculate odds ratios (ORs) and 95% confidence intervals (95% CIs). For multiple regression, the model was adjusted for associated variables in the simple regression. The statistical analyses were conducted using STATA version 12.0.

**Ethical considerations**: To carry out this study, the authorization at the Hospital Goyeneche of Arequipa was obtained. The research study met the fundamental principles of the declaration of Helsinki: respect to personal dignity, justice and charity; no names of patients were saved, thus maintaining anonymous database.

Results
=======

A total of 4,346 cesarean sections were recorded for 3 years; only 106(2.4%) patients diagnosed with post-cesarean section SSI were recorded. The pathogen most frequently cultivated was B-hemolytic Streptococcus. Based on the histories selected, 35 were cases and 140 controls, giving a total of 175 patients during the 3 years of study. The mean age was 27, and the other sociodemographic characteristics were similar for both groups ([Table 1](#T1){ref-type="table"}).

###### 

Clinical and sociodemographic characteristics of patients with SSI after cesarean section in a peruvian hospital

  CHARACTERISTICS                                      CASES             CONTROLS          TOTAL   
  ---------------------------------------------------- ----------------- ----------------- ------- -----------------
  **Maternal age**[\*](#TF1){ref-type="table-fn"}      25                28                27      \[16--42\]
  **Marital status**                                                                               
  **Single**                                           3 (8.57%)         13 (9.29%)        16      9.14
  **Married**                                          5 (14.29%)        20 (14.29%)       25      14.29
  **Cohabitant**                                       27 (77.14%)       107 (76.43%)      134     76.57
  **Education level**                                                                              
  **Primary**                                          3 (8.57%)         5 (3.57%)         8       4.57
  **Secondary**                                        24 (68.57%)       122 (87.14%)      146     83.43
  **Higher education**                                 8 (22.86%)        13 (9.29%)        21      12
  **Urinary tract infection**                          3 (8.57%)         7 (5%)            10      5.71
  **More than 5 VEs**                                  30 (85.71%)       77 (55%)          107     61.14
  **Onset of labor**                                   13 (37.14%)       16 (11.43%)       29      16.57
  **PROM**                                             8 (22.86%)        13 (9.29%)        21      12
  **Weight**[\*](#TF1){ref-type="table-fn"}            67.5 \[51--93\]   69 \[47--95.5\]   69      \[47--95.5\]
  **BMI**[\*\*](#TF2){ref-type="table-fn"}             29.91 ± 3.14      30.88 ± 3.56      30,69   ±3.49
  **Gestational age**[\*](#TF1){ref-type="table-fn"}   39 \[33--41\]     39 \[38--41\]     39      \[33--41\]
  **Hemoglobin**[\*](#TF1){ref-type="table-fn"}        9.86 ± 0.93       10.43 ± 1.37      10.52   \[5.42--13.02\]
  **Anemia**                                                                                       
  **No**                                               4 (11.43%)        49 (35%)          53      30.29
  **Mild anemia**                                      14 (40%)          50 (35.71%)       64      36.57
  **Moderate anemia**                                  17 (48.57%)       41 (29.29%)       58      33.14

The mean was used

The median was used

PROM: Premature Rupture of Membranes

In the analysis of the adjusted model, it was estimated that the odds of developing SSI in the group that had more than five VEs is 2.71 times the odds of presenting SSI in those who did not have this condition (OR: 2.71, 95% CI: 1.07--6.82). Also, women with onset of labor (OR: 1.95, 95% CI: 1.11--3.43), mild anemia (OR: 2.80, 95% CI: 1.03--7.64) and moderate anemia (OR: 2.71, 95% CI: 1.00--7.31) had more chances of developing SSI after cesarean section ([Table 2](#T2){ref-type="table"}).

###### 

Factors associated with SSI after cesarean section in a peruvian hospital

  CHARACTERISTICS                                      Crude model          *P*     Adjusted model      *p*
  ---------------------------------------------------- -------------------- ------- ------------------- -------
  **Maternal age**[\*](#TF3){ref-type="table-fn"}      0.92 (0.86--0.98)    0.015   0.95 (0.89--1.01)   0.083
  **More than five VEs**                               3.81 (1.55--9.34)    0.003   2.71 (1.07--6.82)   0.034
  **Onset of labor**                                   2.97 (1.70--5.19)    0.001   1.95 (1.11--3.43)   0.019
  **Membrane rupture**                                 2.17 (0.57--4.19)    0.001   1.13 (0.62--2.06)   0.685
  **Weight**[\*](#TF3){ref-type="table-fn"}            0.98 (0.95--1.02)    0.532   Not included +      
  **BMI**\*\*                                          0.93 (0.84--1.03)    0.192   Not included +      
  **Gestational age**[\*](#TF3){ref-type="table-fn"}   1.20 (0.89--1.61)    0.229   Not included +      
  **Anemia**[\*](#TF3){ref-type="table-fn"}            0.79 (0.63--0.98)    0.041   Not included +      
  **No**                                                                    1                           1
  **Mild anemia**                                      2.89 (1.01--8.28)    0.047   2.80 (1,03--7,64)   0.043
  **Moderate anemia**                                  3.88 (1.39--10.80)   0.009   2.71 (1,00--7,31)   0.048
  **Marital status**                                                                                    
  **Single**                                                                1       Not included+       
  **Married**                                          1.06 (0.29--3.86)    0.922                       
  **Cohabitant**                                       1.07 (0.36--3.14)    0.896                       
  **Education level**                                                                                   
  **Primary**                                                               1       Not included +      
  **Secondary**                                        0.43 (0.16--1.15)    0.094                       
  **Higher education**                                 1.01(0.35--2.89)     0.976                       
  **Occupation**                                                                                        
  **Student**                                                               1       Not included +      
  **Housewife**                                        0.38 (0.13--1.07)    0.060                       
  **Office**                                           0.41 (0.12--1.39)    0.153                       
  **Urinary tract infection**                          1.54 (0.57--4.19)    0.391   Not included +      

VE: Vaginal examinations;

The mean was used

The linear models with logistic regression and binomial family functions adjusted to the variables presented were used. + Only variables with likelihood ratio test lower than 0.10 were only included in the crude analysis.

Discussion
==========

We found a SSI after cesarean prevalence of 2.4%, similar frequency to other studies described in Brazil ([@R9]) where there was a prevalence of 1.44%. But slightly lower than other studies in Ethiopia and Nigeria, where the prevalence was 6.8% and 11% respectively ([@R8],[@R10]). Other studies such as in the USA ([@R11]) found a prevalence of 5.5%. This can be due to the fact that this study included patients who received antibiotic prophylactic treatment (first-generation cephalosporin), and, excluded patients with comorbidity such as mellitus diabetes, immunodeficiency, and malignancies.

It is important to highlight that the antibiotic prophylaxis prior to surgery continues to be a much-discussed topic and as we know, is part of one of the operative stages ([@R12],[@R13]). So, it is suggested the use of cefazolin 1 gr or azithromycin 500 mg before the cesarean section ([@R14]). This bias has been eliminated by including in the control group only patients without history of infection or the use of antibiotics until 30th postpartum day, apart from prophylaxis. Risk factors well documented in the literature, such as emergency cesarean section, duration of ruptured membranes, duration of surgery, excessive vaginal manipulation, obesity, and surgical risk must be analyzed for prophylaxis antibiotic treatment ([@R7]--[@R13]).

This study demonstrated an association between post-cesarean section SSI and the number of internal vaginal examinations higher than 5 with an OR of 2.71. These results are similar with studies conducted in other regions ([@R9],[@R10]), and can be explained by the possible transmission of microorganisms to surface areas with vaginal examinations.

The time of membrane rupture had an cOR of 2.17 in the crude model. Some studies established as a cut-off point a time longer than 12 hours, and this has a high-risk factor for SSI ([@R1],[@R8],[@R10]). When the membranes are ruptured, the amniotic fluid is no longer sterile and can act as a means of transport, the bacteria can come into contact with the tuterus and the incisions of the skin, which causes the risk of developing infections in the surgical site ([@R9]).

The onset of labor had an a aOR of 1.95. Some studies established as a cut-off point a time longer than one hour for SSI risk. Some authors consider that prolonged labor and the rupture of membranes contribute to the colonization of the amniotic fluid from the normal flora of the lower genital tract and lead to the surgical wound and contamination of the peritoneal cavity ([@R8]). This is supported by other studies ([@R8],[@R10]).

As for the anemia, it was observed that a higher level of hemoglobin is associated with a lower risk of having SSI. It is also observed that having suffered from moderate anemia was a highrisk factor for SSI with an ORc 2.71. This explains why the hemoglobin reduces the oxygen tension and why there is less collagen synthesis. This increasing the risk of wound infection by compromising the activity of the macrophages and preventing the progress of the wound healing. Since it produces a less stable scar and favors dehiscence and infection ([@R15]). And this is supported in other studies ([@R8],[@R10]).

Our research has some limitations. The first is Berkson\'s probable bias because we selected cases from a single hospital; the risk factors found are specific to that center. This is due to the fact that the Goyoneche Hospital has a level III of complexity, and it is possible that a high amount of care and referrals for cesarean section are registered. Therefore, it is not possible to generalize our findings to the entire study population. Finally, there was a probable measurement bias since the variables considered as potential risk factors were obtained from the hospital\'s clinical history. Also, the postoperative risk factors such as wound care, cleaning, etc. cannot be controlled. However, we believe that the factors found are important to expand future research.

We recommend future studies where the evaluation is extended to various hospitals. The recovery from cesarean section is very difficult for women who develop postoperative infections. These infections can affect her pelvic organs, surgical wound, and respiratory and urinary tracts. This makes us think that healthy practices should be promoted in patients and in personnel who will conduct the cesarean section. We conclude that anemia, premature rupture of membranes, onset of labor and 5 or more vaginal examinations were preoperative factors associated with development of SSI. Patients with these risk factors should be evaluated after surgery to prevent SSI.
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